1 An experimental multispecies screening of leaf decomposition rates was undertaken in order to identify and quantify general patterns in leaf decomposition rates in functional plant types and taxa. Functional species groups were characterized using whole-plant and whole-leaf features relevant to the functioning of plants in their natural environments. 2 The experiment included fresh leaf litters of 125 British vascular plant species, covering a wide range of life-forms, leaf habits and taxa. Preweighed litter samples were enclosed in two types of litter bags and exposed to natural weather conditions and soil-borne decomposers by burying them simultaneously in an experimental outdoor leaf-mould layer. 3 Relative litter dry weight losses showed largely similar patterns among species between both litter bag types, between 8 and 20-week burial periods in winter and between winter and summer burial. 4 Life-form, deciduous vs. evergreen habit, autumn coloration of leaf litter, family and evolutionary advancement sensu Sporne could each explain part of the variability in litter dry weight loss among species. The correlation with litter specific leaf area appeared confounded with taxonomy. 5 Some of these easy-to-assess predictors of species' relative leaf decomposition rates may prove useful for modelling soil decomposition rates under vegetations differing in species composition.
Introduction
It is well established that potential decomposition rate of leaf litter depends greatly on the physico-chemical properties of the leaves of the species considered (e.g. Broadfoot & Pierre 1939; Aber et al. 1990; Gillon et al. 1994; Couiteaux et al. 1995) . As reviewed by Swift et al. (1979) and Anderson (1991) , several features of undecomposed leaf litter are negatively associated with decomposition rate. These features include lignin content (Heal et al. 1978; Taylor et al. 1989; Berg et al. 1993; Van Vuuren et al. 1993) , content of other phenolic compounds such as tannins (Nicolai 1988; Kuiters 1990) , lignin: nitrogen ratio (Melillo et al. 1982; Buth & Voesenek 1987; Cotrufo et al. 1994), physical leaf toughness (Gallardo & Merino 1993) and physical barriers (e.g. hairs, spines, wax) on the surface. The potential decomposition rate for leaves of a given species is a function of the interactive effects of all these and other factors, each of which may vary greatly within functional or taxonomic groups. This, combined with the small numbers of species used in most studies, has made it difficult to identify patterns and test generalities in potential leaf decomposition rates among species groups. Without this we cannot evaluate or predict the effects of changing plant species composition on soil decomposition rates in different ecosystems. One new way forward is to screen representative numbers of species or groups of species that are identifiable in terms of functional attributes or taxonomy.
This paper reports an experimental, simultaneous screening of leaf decomposition rates for 125 species that are native, naturalised or commercially imporc) 1996 British Ecological Society 574 Leaf decomposition rates tant in the British Isles. It tests the hypothesis that potential decomposition rate of leaf litter can be predicted from whole-plant features that reflect the functioning of the plants in their natural environments. These features include life-form and deciduous vs. evergreen habit, as well as specific leaf area and autumn coloration of the fresh litter. Sources of variation in potential decomposition rate are tested using functional analyses of a representative part of a presentday flora as well as taxonomic analyses.
Methods

SELECTING AND COLLECTING LEAVES
Leaf litter was collected within a 25-km radius around Sheffield, UK (53?23'N, 1?33'W) , where possible from the species' (semi)natural sites including parks and woodlands. For deciduous woody species, the plants that were sampled showed typical autumn coloration (see below) as seen in the Sheffield area. Some species that could not be found in the wild locally were collected from Sheffield University's Experimental Gardens and a few from private gardens. The original data can be retrieved (as Appendix I) from the journal's archive on the World Wide Web (see a recent issue for details of the Journal of Ecology home page). All but one species had therefore been exposed to similar climatic conditions, which facilitated interspecific comparison of litter weight losses. Only Picea sitchensis leaves were collected outside the area, in northern Scotland. Throughout autumn 1993, freshly senesced, undecomposed leaves were collected from sexually mature plants. In virtually all woody and some of the herbaceous species this meant that they were either picked up from the ground within a few days after falling, or collected after shaking the plant gently. In many herbaceous species the entire shoot dies back and falls over. Since, in these cases, leaves were not shed, we harvested those that had lost their green colour and could be assumed to have been functionally disconnected from the plant. Leaves were collected without bias towards size, shape or colour, but those with symptoms of significant herbivory were avoided. In some summer-shedding evergreens, the collected leaves were suspended in the standing vegetation or on top of the litter layer. For these and a few other summer-shedding evergreen species additional collections of freshly shed leaves were made in summer 1994 and treated in a control experiment (see below). Petioles were considered part of the leaf. In compound leaves the laminae and rhachis were treated separately. This would permit interspecific comparison of whole leaves as well as leaf analogues. For Cytisus scoparius and Ulex spp. small twigs were treated as leaves, because in these species the twigs are the main photosynthetic producers. For Calluna vulgaris small shoots (78% of dry weight being leaf) were treated as leaves, since they were shed in this form. In the biennials Anthriscus sylvestris and Digitalis purpurea both first and second year's leaves were harvested after the second growing season; in the latter species both rosette leaves and leaves on the flowering stems were taken.
Initial mean specific leaf area (SLA, area: dry weight ratio) of the litter was calculated from the area (estimated using punched lamina disks of known diameter or measured using a Delta-T Area Meter, Burwell, Cambridge, UK) and subsequently the ovendry weight in a minimum subsample of eight leaves. Since surface access to soil decomposers was likely to be a determinant of decomposition rate, the true onesided surface area of nonlaminar leaves was calculated by multiplying the projected leaf area by a conversion factor derived from observations of leaf cross-sections.
As autumn leaf coloration may reflect the chemistry of living leaves that secondarily affects decomposition rate, each deciduous woody species was assigned to one of nine qualitative leaf colour classes (defined in WWW archive) based on the predominant colour(s). Since colour can change rapidly before and after leaf fall (Hendry et al. 1987) , the leaves were collected very shortly after abscission. For virtually all species a typical overall colour class was evident even when there was variability between or within plants. Cornus sanguinea and Ligustrum vulgare leaves were collected from shaded shrubs and were therefore green, although leaves which have been exposed to full sunlight may show partial or total purplish coloration. Although choosing the colour class was to some degree subjective, it was objective in the sense that it was done before the experimental treatment.
PREPARATION OF THE LEAF MATERIAL
The litter collections were sorted and cleaned, then air-dried and stored in open paper bags in a laboratory (20 ?C). Most leaves reached their equilibrium moisture content (7-8%) within four days. Samples of air-dry leaf material (1.0 + 0.1 g) were weighed, then sealed into tube-shaped bags, either made of a single layer of 0.3mm or a double layer of 5-mmmesh nylon net. The double layer appeared effective in retaining leaf particles and at the same time allowing free movement of macrofauna, including the earthworm Lumbricus terrestris. In narrow-leafed and needle-leafed species where major losses might occur through the 5-mm-mesh, only 0.3-mm-mesh bags were used. Precautions were taken not to break airdried leaves. When flattened, both types of litter bags had an inner compartment of 10 cm x 7 cm. Samples consisting of 4-cm x 1-cm pieces of Whatman grade 540 filter paper, included for potential comparison with other studies because of its guaranteed constant quality, were treated as if they were litter samples. For each species, a subsample of the leaf ? 1996 British Ecological Society, Journal of Ecology, 84, 573-582 J. H. C. Cornelissen litter was weighed air-dry and again after 48 h in an oven at 80 "C, in order to calculate initial oven-dry weights of the materials. All prepared samples were stored air-dry in the same laboratory until treatment.
Since relatively large petioles were suspected to affect decomposition rates of whole leaves negatively, the initial petiole dry weight as a percentage of total leaf dry weight was assessed in at least 8 leaves per species.
TREATMENTS
The percentage dry weight loss of the litter samples was assessed in the following treatments of burial under natural weather and soil conditions: Replication per treatment was eight in most species, but five to seven where the amount of leaf material was limited. For the summer (S8F) treatment, stored material collected in autumn 1993 was used, as well as freshly shed evergreen leaves collected during summer 1994. This would allow an evaluation of the effects of time of litter collecting on the potential decomposition rate.
The samples were buried in a purpose-built decomposition bed at Sheffield University's Experimental Gardens. The bed measured 6 m x 5 m and was on a 3? slope facing north-northwest, partly shaded by neighbouring trees. In September 1993 all rooting plants and the litter layer were removed. The top 20cm of the loamy-clayey brown forest soil, pH 5.93 + 0.34 (measured in 24 samples, with 1-m distances between samples), was mechanically dug over and wooden walkways were installed lengthways at 1--m distances. On 7 October 1993 leaf-mould at different stages of decay (mostly 1-2 years old) was collected from a nearby compost pile consisting of litter from species common in local city parks, such as Acer pseudoplatanus, Betula pendula, Fagus sylvatica, Fraxinus excelsior, Pinus sylvestris, Quercus spp., Sambucus nigra and Taxus baccata. This leaf-mould was mixed thoroughly and spread over the decomposition bed in an 8-10-cm-thick layer. Leaf-mould samples contained 1800 + 188 earthworms (Lumbricus terrestris) m-3 of the length class 3-5 cm and 525 + 125 m-3 of the class > 5cm. Twenty-four 1-IM2 plots were laid out between the walkways, each plot assigned at random to treatment W8 or W20. All13024 winter samples were remoistened with rain water, randomized within W8 or W20, and buried on the same day (24 November 1993), at a depth of 4-5 cm in the leaf-mould. Additional control samples of 14 species (chosen to represent a diversity of life-histories, leaf sizes and leaf shapes) were treated identically, but retrieved immediately after burial. These were used to assess the loss of leaf particles from the litter bags and the effects of remoistening (leaching). The relatively low number of summer (S8F) samples were buried as above in one of the central plots only. A 3-cm-mesh nylon net was stretched across the decomposition bed to protect the samples from grey squirrels and other macrofauna. Accumulations of leaves were shaken off regularly.
After retrieval (W8 on 19 January; W20 on 12 April; S8F on 22 September 1994), the samples were stored at -14 'C. After defrosting, adhering soil, soil fauna or other extraneous material was removed from the decomposed leaf litter by brushing or swiftly rinsing with water. The macroscopic fauna found inside litter bags included smaller slugs and snails, centipedes, Collembola, acarid mites, Coleopteran larvae and Oligochaetae (including Lumbricus terrestris). Litter samples were dried for 48 h at 80 'C, then weighed. Decomposition rate was defined as the percentage dry weight loss after 8 or 20 weeks of burial.
The effects of taxonomic relatedness on the patterns found among functional woody plant types were tested following Kelly & Beerling (1995) , who used a method derived from Felsenstein (1985) . First a phylogenetic tree from species up to class level was constructed following Cronquist (1981) . For each set of two or more taxa belonging to the same taxon of the next level up a contrast was taken (e.g. is litter weight loss higher in life-form A than in life-form B?), after which the species used were taken out of the analysis to ensure independence of the different contrasts. Where all members of a taxon belonged to the same category, the mean value for these members was used for a contrast at the next taxonomic level up.
Results
WEATHER
Data for the experimental period (from Weston Park Meteorological Station, Sheffield, sited 800 m northnortheast of decomposition bed; details not given here) showed that precipitation and temperature were broadly similar to those for the past 10 years. Rainfall was substantial in all experimental months, so that the decomposition bed was never subjected to drought during treatment. Snow covered the bed during two periods of about a week. Only mild frost occurred. into classes (class 1 = very slow, 2 = slow, 3 = intermediate, 4 = fast, 5 = very fast) such that all classes contained similar numbers of species. Mean weight loss class for each species was then calculated from the values for the five treatments. Variability in dry weight loss among replicates was generally low and no correction for position within the decomposition bed was necessary. Relative dry weight losses of laminae only was similar to that of whole leaves in all species with compound leaves (Table 1) , both in treatments W8F and W20F. In 0.3-mm-mesh bags relative weight losses among 121 species after 8 winter weeks (W8F) were correlated strongly with losses after 20 weeks (W20F) (r = 0.96, n = 121, P < 0.001). In 5-mm-mesh bags (W8C vs. W20C) the correlation between treatments was less strong (r = 0.82, n = 75, P < 0.001), because in several species maximum weight loss was reached before 20 weeks. Relative dry weight losses in the two types of bags after 8 weeks (W8F vs. W8C) were closely correlated (r = 0.93, n = 75, P < 0.001), but after 20 weeks (W8C vs. W20C) the correlation was again less (r = 0.86, n = 75, P < 0.001), owing to near-maximum weight losses in 5-mm-mesh bags by 20 weeks of burial. Ten species had very low and similar relative weight losses in 0.3-and 5-mm-mesh. Species-burial-period and species-mesh-size interactions were evident between individual species but did not obscure the general patterns.
CONTROL TREATMENTS AND COMPARISONS
Initial relative dry weight loss until and including the moment of burial varied significantly within a subset of 14 species (Table 2 ). There was no overall difference between 0.3 and 5-mm-mesh, which indicates that initial loss from 5-mm-mesh was negligible (as it was assumed to be from 0.3-mm-mesh) and initial weight loss was due presumably to initial leaching of watersoluble organic material (cf. Nykvist 1963) . There was no significant difference in relative weight loss of Whatman filter paper between 0.3-and 5-mm-mesh in either W8 or W20 treatments. This Results of two-way ANOVA: mesh-size effect F, = 3.42, NS; species effect F13 = 38.9, P < 0.001; interaction Flo = 0.36, NS.
suggests that macrofauna had not consumed any filter paper and that environmental conditions (e.g. moisture content) had been similar for micro-organisms in both mesh types.
Relative weight losses in S8F correlated with those in W8F (r = 0.91, P < 0.001, not shown) and W20F (r = 0.95, P < 0.001, Fig. 1 ). These data indicate that the effects of burial season, although possibly important where individual species are compared, did not affect the ranking of species with regard to relative weight loss.
In a subset of three evergreen species (Table 3) , only one (Hypericum calycinum) showed a significant difference in relative weight loss between leaf material collected in autumn 1993 against summer 1994, but this was not enough to take it into another weight loss class. In addition, relative weight losses of leaves of Prunus laurocerasus, Taxus baccata and Vaccinium vitis-idaea, collected in autumn 1993 and buried in winter as against those collected and buried in sum- Fig.w1 Relative dry weight losses in W20F vs. S8F. Open circles indicate that the same leaf collection was used in both treatments. Solid squares indicate that leaves in W20F were collected in autumn 1993 and leaves in S8F in summer 1994, both from similar sites. mer 1994, were close to the fitted regression line in Fig. 1 . These data indicate that relative weight losses of leaves of the summer-shedding evergreens in this study were generally similar whether collected freshly fallen in summer or, with some delay, in autumn.
In a subset of three deciduous woody species, collected from contrasted sites, two revealed significant intraspecific variability in relative weight loss (Table  4) , unrelated to the degree of exposure of the site. Although data on only three species do not justify conclusions, this intraspecific variability was much smaller than the variability among deciduous woody species (cf. Appendix 2). *P < 0.05, **P < 0.00 1 (t-tests).
PLANT TYPES AND DECOMPOSITION RATES Unless otherwise specified, results indicate weight losses in 0. 3-mm-mesh, because of the essentially similar patterns in 0.3-and 5-mm-mesh and the larger number of species treated in 0.3-mm-mesh. There was significant overall heterogeneity in mean litter weight loss among nine groups of species differing in life-form or leaf habit (Fig. 2, Table 5 ). The pattern was the same after burial for 8 or 20 weeks, as shown by the absence of an interaction effect (Table  5) . Within the herbaceous (nonwoody) species, dicots decomposed on average faster than graminoid monocots. Within the woody species, deciduous species decomposed twice as fast as evergreens (28.4 + 1.5 vs. 12.9 + 1.6% weight loss in W8F; 48.2 + 2.3 vs. 24.7 + 1.0% in W20F). These results were confirmed when taxonomic relatedness was taken into account (Table 6 ). Life-form was a significant source of variation in decomposition rate in deciduous woody plants, but not in evergreens (Table 5) . Within the deciduous woody species, climbers and scramblers decomposed faster than self-supporting species (48.0 + 7.2 vs. 27.4 + 1.4% weight loss in W8F; 76.1 + 2.3 vs. 46.8 + 2.2% in W20F). Owing to the small number of comparisons, this could not yet be supported by a taxonomic relatedness analysis (Table  6) . The latter did demonstrate that leaf litter of subshrubs generally decomposed more slowly than that of shrubs and trees.
Relative weight loss in the entire species set was correlated with initial SLA of the litter (W8F: r = 0.45, P < 0.001, W20F: r = 0.44, P < 0.001). This was due mostly to the woody species (W8F: Table 6 Analysis of relationships within the woody species between litter weight loss and functional group taking into account taxonomic relatedness. In each case the null hypothesis states that, across all contrasts, mean litter weight loss class is higher in the first functional group no more often than it is in the second group. In the case of SLA the null hypothesis states that the relationship with litter weight loss shows, across all contrasts, a positive trend no more often than a negative one This relationship was, however, not confirmed by a taxonomic relatedness analysis (Table 6 ). There was no significant correlation between SLA and weight loss within the herbaceous dicots (W8F: r = 0.41, NS, W20F: r = 0.33, NS) or graminoid monocots (W8F: r = 0.22, NS, W20F: r = 0.25, NS). Within the deciduous woody species, significant heterogeneity in relative weight loss could be explained by leaf coloration at the time of shedding (Fig. 3) . The patterns were not significantly affected by period of burial (8 vs. 20 winter weeks) or mesh size, as indicated by the lack of interaction effects ( Table 7) . The most striking difference in relative weight loss was between leaf litter with vs. without (partial) green coloration, a difference confirmed by taxonomic relatedness analysis (Table 6) . Multicoloured leaves (i.e. with mixtures of at least red, yellow and green) were intermediate in relative weight loss. The results for brown leaves should be interpreted with some caution, since this group consists of three species of Fagaceae only.
PLANT FAMILIES AND DECOMPOSITION RATES
Mean weight loss class was significantly heterogeneous among the 10 main plant families in this Table 7 Summary of three-way ANOVA with factors leaf coloration (see Fig. 3 (Fig. 4 , Kruskal-Wallis nonparametric test, %2 = 37.7, P < 0.001). The variability does not just reflect differences between woody and herbaceous taxa; slowly decomposing Fagaceae and Ericaceae and fast Salicaceae and Caprifoliaceae are all woody, whereas all-herbaceous taxa include moderately slow Poaceae as well as fast Asteraceae. Mean weight loss classes of the dicot plant families in the experiment were loosely associated with these families' evolutionary advancement (ranging from primitive to advanced) as quantified in the Percentage Advancement Index (Sporne 1980; Sporne 1982) ( Fig. 5 , r = 0.40, P < 0.05).
Discussion
EFFECTS OF LITTER QUALITY AND ENVIRONMENT
A broad body of literature has shown that variation in leaf decomposition rates among species depends greatly on litter (resource) quality. Lignin, for instance, may enhance physical toughness of leaves, and tannins are known to act against folivores in living plants (Coley 1983; Kuiters 1990 ). The present data, when linked to initial lignin: N ratios and lignin contents of leaf litters found by previous authors, provide additional evidence of the importance of litter quality across a range of woody species. Despite the diverse data sources and analytical methods used, lignin :N ratio (r = -0.78, n = 12, P < 0.01, Fig. 6 ) and lignin content (r = -0.66, n = 14, P < 0.01) were both negatively correlated with litter mean weight loss class in this study. Notwithstanding the emphasis on litter quality, it is recognized here that there are significant interactions of litter quality with duration of decomposition (cf. Mommaerts-Billiet 1971; Wieder & Lang 1982; Berg & Ekbohm 1991) and with environmental factors (Swift et al. 1979) . The latter include features of the litter layer and its decomposer community (Bocock et al. 1960; Heal & Ineson 1984; Buth & De Wolf 1985; Elliot et al. 1993) , macroclimate (Meentemeyer 1978) and microclimate (Escudero et al. 1987; Taylor & Parkinson 1988) . The methodology adopted, for instance litter bag type, may affect some of the above environmental factors (Anderson 1975; Louisier & Parkinson 1976) . All of these interactions may be relatively important as far as relative weight losses of individual species are concerned. The present results have shown, however, that interactive effects of litter quality and burial period, season or litter bag type, although considerable, were not so great that they altered the broad ranking of 125 species with regard to litter weight loss. Only the near-maximum weight loss in a large proportion of the species in 5-mm-mesh after 20 weeks caused pronounced deviations from linearity between relative weight losses in different treatments, but even in that case did not fundamentally alter the ranking of species. Possible interactions between quality of the leaf samples and features of the surrounding leaf-mould layer have not been assessed in this study. However, the mixed leaf-mould in the decomposition bed had a ? 1996 British Ecological Society, Journal of Ecology, 84, 573-582 580 Leaf decomposition rates good representation of both acidic substrates (e.g. beech, oak, pine, yew), as favoured by fungi and certain invertebrate groups, and more base-rich substrates (e.g. ash, alder, elder), supporting bacteria and other invertebrate groups (cf. Swift et al. 1979) . It can therefore be assumed that the decomposer community in this leaf-mould is to some degree representative of that in the natural habitats of most species in this study. In order to explain the variation in leaf decomposition rates found among species, many previous studies have scaled down from the leaf level to its individual structural and biochemical components: the mechanistic approach. In contrast, the present multispecies screening is an experimental attempt to scale up from the leaf level to the level of whole plants and plant types: the functional approach. In support of the hypothesis, the results indicate that relative weight losses of leaf litter do indeed reflect, to some extent, features that enhance the functioning of living plants and their leaves in their natural environments. For instance, ecological strategy may explain the fast decomposition of deciduous woody climbers and scramblers in this study. Compared to self-supporting woody plants, they are seen typically in heterogeneous light environments, which promote a high leaf turnover as determined by the changeable availability of light patches (Castellanos 1992 ). In such plants natural selection may have favoured short-lived leaves equipped for efficient photo-assimilation with a minimum of defence chemistry (cf. Chapin 1980; Chabot & Hicks 1982; Coley 1988) . Such leaves would be palatable to soil-borne decomposers (Grime & Anderson 1986) . Subshrubs, on the other hand, are exposed to herbivory by mammals (e.g. rabbits, sheep) and leaves of such plants can be expected to have developed antibrowser defences, which could also result in less palatable litter. Indeed, leaf litter weight losses were consistently lower in subshrubs than in shrubs and trees, plants in which most of the foliage is out of reach of mammals.
The negative relationship between leaf life-span and decomposition rate, implied above, was more directly demonstrated by the consistently small litter weight losses of woody evergreens as compared to deciduous species. The latter relationship has been supported by some earlier evidence, as reviewed by Aerts (1995) , but has never previously been demonstrated across a representative range of woody lifeforms and (both broad-leafed and needle-leafed) taxa. The relationship held for a big slice of the woody Sheffield flora, whether or not taxonomic relatedness was accounted for.
Long-lived leaves, with relatively large investments in compounds not directly involved in photo-assimilation, generally exhibit a low specific leaf area (Reich et al. 1992) . At least among the woody species, SLA of litter was closely correlated with that of living leaves (J. H. C. Cornelissen, unpublished data). The positive correlation between litter SLA and weight loss in the woody species in this study therefore suggests a link between leaf functioning and decomposition. Mechanistically, this relationship may be explained by variation in structural chemistry. Leaves with a small specific area can be expected to be physically tough (in terms of resistance to penetration), as was demonstrated in tropical Asian (Choong et al. 1992) and Amazonian tree species (Reich et al. 1991) . Indeed, leaf toughness was a good negative indicator of decomposition rate in nine Mediterranean woody species (Gallardo & Merino 1993) . However, the relationship between SLA and decomposition rate can, at this stage, not be extrapolated to other floras, since it was confounded with taxonomy. It also remains to be studied to what extent the SLA of living herbaceous leaves translates into that of the litter, and why the relationship between litter SLA and decomposition rate was not seen among herbaceous species.
The autumn leaf colours in deciduous woody species may also in part reflect functional features of the living leaves. Brown coloration, for instance, represents mostly phenolic compounds such as lignins and tannins that become apparent in senesced leaves once the green pigments have been transformed into colourless compounds. Indeed, in this study, leaves that were brown or yellow-brown upon shedding were broken down comparatively slowly. In most deciduous species the green chlorophylls and, to a lesser extent, yellow carotenoids that occur in assimilating leaves, are substantially degraded before leaf fall (Hendry et al. 1987) . Several species in this study, however, shed their leaves while still (partially) green. With the exception of Hippophae (which, interestingly in this context, is a nitrogen fixer), all eight native species that shed their leaves predominantly green occur in the Sheffield area on (moderately) productive soils of medium to high pH. On such soils, fast growth and competitive vigour may be of more adaptive value than stress-tolerance (sensu Grime 1974) , and leaves can be expected to be photosynthetically productive with low contents of protective secondary and structural compounds. In such leaves it might pay off, rather than gradually transforming and withdrawing their photosynthetic chemistry -a process marked by colour change -instead continuing to produce new photosynthates up to the moment of leaf abscission. Such green, poorly protected leaves, presumably with high contents of photosynthesis-related nutrients, would be palatable to decomposers. This would explain in functional terms why green autumn coloration is an indicator of fast leaf weight loss in deciduous woody species, independent of taxonomy. Further study is needed to test whether the fast decomposition of shed green leaves is a consequence of the lack of investment in compounds that promote stress-tolerance or of higher nutritional value. It also remains to be determined whether coloration of senesced leaves can be used to predict decomposition rate in herbaceous plants. Leaf (Sanger 1971) and this may make it difficult to standardize the colour recording in the many herbaceous species that do not shed their senesced leaves.
Whilst most of the functional groups of species in this study comprised a variety of taxa, significant variability in leaf decomposition rate was also correlated with taxonomy. Plant taxa are probably to an important extent the outcome of multiple adaptations to the environment. Some primitive traits that have remained in higher plant taxa are probably still adaptive in the species' present environments and may therefore partially coincide with the traits of functional types in this study (cf. Westoby et al. 1995) . Evolutionary advancement sensu Sporne (1980) , for example, has been shown previously to correlate with ecological strategy. Families with a high mean Sporne's Percentage Advancement Index are comparatively successful in disturbed and productive habitats (Hodgson 1986; Grime 1986) . It can therefore be expected that 'primitive' families with a low index are more successful in environmentally stressed habitats. Since the leaves of plants in such habitats can be expected to be well protected and their litter to decompose relatively slowly (Grime & Anderson 1986) , the positive correlation between Sporne's Percentage Advancement Index and relative weight loss in dicot families may be an evolutionary as well as an ecological relationship.
Life-form, leaf habit, autumn foliage coloration, taxonomy and evolutionary advancement index constitute species features which are either easy to observe in the field or which can be obtained from the literature. In view of their correlations with leaf decomposition rate, these features may prove useful tools for predicting decomposition rates in vegetations differing in species composition. The results may also have implications for ecosystem modelling. Anderson (1991) predicted that in temperate areas a future amelioration of the climate would enhance the importance of the biological control over decomposition processes. He argued that shifts in species composition in existing biomes would have major effects on decomposition in the near future, and shifts in the distribution of the biomes themselves in the more distant future. The present results may be a first step towards predicting increases or decreases in litter decomposition rates (and carbon turn-over) under different vegetations from the potential leaf decomposition rates of their component species. It may also be possible to infer potential decomposition rates for species not included in this study from some of the functional and taxonomic features shown here to be correlated with decomposition rate.
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